Laboratory bioassay experiments were conducted using Gundelia tournefortii L. (Asteraceae: Compositae) plant as a source of active ingredients against the vinegar fly Drosophila melanogaster Meigen (Drosophilidae: Diptera) as a model insect. Extracts of all plant parts except roots were tested using seven solvents; acetone, benzene, chloroform, ethanol, ether, methanol and water. Seeds and flowers gave the highest percentages of extracted yield than leaves and stems. Chloroform seed-extract showed the highest toxicity to D. melanogaster larvae with the lowest LC 50 value (119.95 ppm), followed by the chloroform leaf and the ether leaf and seedextracts. Mortality percentages to fly larvae due to both carbaryl and imidacloprid insecticides were increased from 10-20% to 40-70% with synergistic factors of 3-4 times after acetone and chloroform seed-extracts had been added. α-Terpinyl acetate and oleic acid of the G. tournefortii were responsible for 80% and 70% of larval mortalities with LC 50 of 22.98 and 23.15 ppm, respectively. Therefore, both chemicals can be further investigated as bioactive insecticides and could be incorporated into IPM programs of insect pests.
INTRODUCTION
There has been a renewed interest in using plant (Karis et al., 2001; Coruh et al., 2007; Cakilcioglu et al., 2011; Matthaus and Ozcan, 2011) . It is a perennial spiny herb of Irano-turanian origin (Halabi et al., 2005; Karabulut et al., 2006) and it is found as a wild herb growing during late winter and early spring. G. tournefortii stems, flowers, leaves and seeds could be used as a food for human (Coruh et al., 2007; Sarper et al., 2009) , and for feeding camels (Kamalak et al., 2005) . It is also used in folk medicine in different parts of the world and is considered as a pivotal in human health care (Asadi-Samani et al., 2013) ; liver diseases (Jamshidzadeh et al., 2005) , relieve pain and inflammation (Oryan et al., 2011) , antiparasitic effect for digestive system (Mosaddegh et al., 2012) , chest pain and heart stroke (Halabi et al., 2005) , and treat diabetes -354- (Jarald et al., 2008) and many other uses. In addition, G.
tournefortii could accumulate phytoremediation of the soils polluted with metals (Chehregani et al., 2009) , and had high potential for accumulating arsenic and removing it from soils (Shahraki et al., 2008) .
The use of plant extracts that have insecticidal activity for insect pests control is one of the most effective and promising alternative control measures to synthetic chemicals, since it is economically, environmentally safe, less hazardous to humans and often less toxic to ecologically beneficial insects ( Dyan et al., 2009) as well as the development of resistance by insect pests ( Stará and Kocourek, 2007) . Furthermore, synthetic insecticides are not affordable to majority of peasant farmers (Ogunwolu and Ameh, 1999; Sharah and Ali, 2008) .
Chemical analysis of G. tournefortii showed the presence of many flavonoids, alkaloids, glycosides, tannins, phenols, saponins, carbohydrates and free amine groups constituents (Halabi et al., 2005; Al-Younis and Argushy, 2009; Bagci et al., 2010; Khanzadeh et al., 2012) . Some of these are known to have insecticidal activity (Dadang et al., 1996; Shola-Hezekiah, 2008; Bamoniri and Mazoochi, 2009; Chang et al., 2009; Huang et al., 2009; Farag et al., 2011; Pérez-Gutiérrez et al., 2011; Dell'Agli et al., 2012; Murugesan et al., 2012; Abay et al., 2013; Chu et al., 2013; Liu et al., 2013; Willis et al., 2013) .
To the best of our knowledge, the use of G. tournefortii extracts and constituents as insecticides against insect pests is still lack. Therefore, the insecticidal and synergistic activity of the extracts and some of the pure constituents from different plant parts were bioassayed using Drosophila melanogaster Meigen (Drosophilidae: Diptera) as insect model.
MATERIALS AND METHODS

Preparation and extraction of plant
The plant materials of G. tournefortii parts (leaves, flowers, stems and seeds) were collected from Al-Salt
Mountains from February to April,2012 and brought to the laboratory, and hereafter washed with distilled water to remove dust and other contaminants. The cleaned materials were shade-dried for 6-7 days at room temperature (25±2ºC) until all moisture content was evaporated. The dried materials were milled in an electric grinder. Ten grams of the ground powders were subjected to extraction in Soxhlet apparatus using 150 ml of each of the solvents: acetone, benzene, chloroform, ethanol, ether, methanol and water (Table   1) These candidate constituents were obtained from the Faculty of Medicine/Damascus University and were bioassayed in its pure forms.
Extracts and constituents treatments for insecticidal activity
Extracts treatments for synergistic effect to insecticides
In the media, different solvents seed-extracts were mixed with analytical grades of carbaryl (carbamate group), parathion (organophosphate group), imidacloprid (neo-nicotinoid group) and permethrin (pyrethroid group) insecticides. Both the extract and the insecticide are at sublethal concentrations resulted in relatively low larval mortalities to investigate its synergistic effect to these representative insecticides. Insecticides were also mixed alone with the media to serve as a control.
Mortalities were recorded for each insecticide alone and for each insecticide mixed with each of the solvent extract. Synergistic factor (SF) of each treatment was calculated using the equation; SF = mortality of insecticide with extract ÷ mortality of insecticide alone. (Abbott, 1925 ) and compared among the 7 constituents and with the control (only media).
Literature survey of G. tournefortii constituents
The expected biologically active constituents of G.
tournefortii having insecticidal activity and their solubility in different solvents were collected from the literature and shown in Table 2 .
Data analysis
Each treatment was replicated four times in all conducted experiments. Mortality percentages of larvae were corrected using Abbott's Formula (Abbott, 1925) .
Data were analyzed based on completely randomized design, one-way Analysis of Variance (ANOVA) using SAS. LC 50 s were calculated using the probit analysis (Finney, 1971) . Means of the synergistic factors were separated by LSD (Steel and Torrie, 1980) . 
RESULTS
Methanol and water extracts were provided the highest percentages of yield for all plant parts. The lowest yield of methanol extracts was from leaves (6.29%) and the highest -358-yield was from seeds (11.8%). In case of water extracts; the lowest yield was from leaves (2.99%) and the highest was from seeds (13.4%). On the contrary, ether extracts were provided the lowest percentages of yield for all plant parts ranged 0.10-1.44%. Moreover, seed extracts gave the highest yields of all solvents used, followed by the flower extracts (Table 3) . Chloroform seed-extract showed the lowest value of LC 50 ; representing the highest toxicity to D. melanogaster larvae among all extracts tested, followed by the ether seed and leaf. On the other hand, acetone, benzene and water extracts from all plant parts showed neglected mortalities not exceeding 20% to fly larvae even at the highest concentration used (Table 4) . The mortalities of Drosophila larvae due to carbaryl and imidacloprid were increased from 10-20%
(insecticide alone) to 40-70%, representing 3 to 4 folds (synergistic factor=3-4) after acetone and chloroform seed-extracts had been added. Slight increase in mortality was noticed for the same insecticides when mixed with the benzene seed-extract (synergistic factor=2). The situation was opposite for the parathion and permethrin insecticides while no or neglected synergism (synergistic factors ranged 1-2) was found for all extracts added (Table 5) . Further bioassay for the pure selected constituents showed that oleic acid and α-terpinyl acetate were responsible for 70% and 80% of the larval mortality at the higher concentration of constituents with LC 50 of 23.15 and 22.98 ppm, respectively. Moderate toxicity was obtained for germacrene d, myristic acid and palmitic acid, while low toxicity was found for zingiberene and eugenol (Table 6 ). (Jacobson, 1989; Schmutter, 1990 , Isman, 1995 . Therefore, G.
tournefortii belongs to Asteraceae was chosen to be the target of this study, since no previous literature found dealing with G. tournefortii as a source of insecticidal ingredients. Chloroform and ether extracts caused the highest mortalities to D. melanogaster larvae. In their pure form, mainly oleic acid and α-terpinyl acetate were responsible for the insecticidal activity of the G.
tournefortii. The high mortalities resulted from oleic acid and α-terpinyl acetate confirm the results of high mortalities of chloroform and ether extracts to fly larvae; since both constituents are highly soluble in these two solvents. Liu et al. (2013) found that α-terpinyl acetate exhibited stronger toxicity against the booklice insect (Ohtani et al., 1997) . In addition to, oleic acid of Melia azedarach L.
(Family: Meliaceae) oil recorded having higher insecticidal activity against larvae of Spodoptera littoralis (Boisd.) (Noctuidae: Lepidoptera) than the crude extract (Farag et al., 2011) and also against larvae of Spodoptera frugiperda Smith with 51.5% mortality (Pérez-Gutiérrez et al., 2011) . Ramsewak et al. (2001) found that oleic acid was considered as an insecticide against the fourth instar larvae of Aedes aegyptii L.
(Culicidae: Diptera). However, high oleic acid content was found in seed's oil of G. tournefortii ranged 20-40% (Abdul and Hamed, 2012) . This bumper presence of such fatty acid in G. tournefortii may justify the high mortality caused by chloroform and ether extracts to the fly larvae. Acetone and benzene extracts showed neglected mortalities to larvae. These solvents expected to dissolve gadoleic acid, methyl eugenol, eugenol, scopoletin and isoscopoletin, and all were known in the literature having no or neglected insecticidal toxicity (Chang et al., 2009; Kegley et al., 2010; Duke, 2013 against larvae. These two solvents; mainly the acetone expected to dissolve eugenol. Bessette et al. (2009) considered eugenol as a strong synergist to pyrethrum insecticide against cockroaches rather than having an insecticidal toxicity as cited by Chang et al. (2009) ; and this agrees with the results of neglected insecticidal toxicity of eugenol revealed in this study.
In conclusion, G. tournefortii constituents; oleic acid and α-terpinyl acetate are promising active ingredients as insecticides of plant origin. Also, eugenol is a promising synergist for carbamate and neo-nicotinoid insecticides.
These constituents could be incorporated in IPM programs of insect pests after further field studies.
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